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ABSTRACT.A winterbackingfire thinneda natural4-yr-oldloblolly pine (PinustaedaL.) standfrombelow
butreducedstemdensitylessthandidhandthinning.Applicationofnitrogenfertilizerdidnotacceleratenatural
thinningoverthe4yr testperiod. Burningandfertilizing increaseddbh growthofcrop trees,butgainswere
lessthanthoseproducedbyhandthinning.Heightgrowthofcroptreeswasincreasedbyfertilizationbutmay
havebeenreducedby burning.A casestudyshowedthat economicreturnsfromprescribedburning were
comparabletothosefromhandthinningfora30-yrrotation.However,additionalresearchisneededtoproduce
prescriptionguidelinesthat minimize the risksofburning youngstandsbeforethepracticecan be recom-
mended.South.J.AppI. For. 19(1):5—9.

Naturai regenerationof loblolly pine (Pinus taedaL.) is
inexpensiveandhasecological advantagesand thusis ac-
ceptedas an alternativeto planting. On theCoastalPlain,
largeseedcropsare producedalmostevery year (Langdon
1981) and often give rise to densestands that require
precommercialthinning.Sapling-sizedstandsin the region
areoftenhandthinnedwith chainsawsor shoulder-mounted
circularsaws.However,this methodis labor intensiveand
expensive.Prescribedburning would be a low-costmethod
ofprecommercialthinningandwasrecommendedby McNab
(1977)for standsof pole-sizedloblolly pine andby Nickles
et al. (1981)for mixedstandsof shortleafpine (P. echinata
Mill.) andhardwoods.Fertilizerapplicationmightaccelerate
naturalthinningby speedingheightgrowthof dominanttrees
and shadingof smaller trees.Fertilization could be more
economicallyattractivethan handthinning buthasnot‘been
studied.

This studycompareshandthinning in a dense4-yr-old
natural stand of loblolly pine to prescribedburning and
applicationof nitrogenfertilizer as alternativemethodsof
thinning.Mortality from prescribedburning and first-year
growth of survivorswere describedby WaldropandLloyd
(1988).Thispapercomparesperiodicstandgrowth for4 yr
aftertreatment(ages5 to 8) for all treatmentcombinations.It
alsoprovidesa casestudythat comparesstandvolumesand
economicreturnsbetweentreatmentsfor a projected30-yr
rotation.

Methods

StudyArea
Fieldwork wasdoneontheSanteeExperimentalForestin

BerkeleyCounty,SouthCarolina.SoilsareAericAchraquults
of the Waheeseriesand are somewhatpoorly drainedand
slowly permeable.Elevationis approximately25 ft above
meansealevel~andslopesrangefrom 0 to4%.Site indexfor
loblolly pineat age50 is 90 ft.

The study site was clearcutin November1981 after a
winterbackingfire andthreeannualsummerburns.Logging
slashwaspiled by handandburnedthefollowing March.The
areawasthenplantedwith loblolly pine seedlingson an 8 x
12 ft spacingfor anotherresearchproject that had been
planned.The plannedstudywascanceled,however,since
pales weevil (Hylobius pales Hbst.) reducedsurvival of
seedlingstoonly11%(approximately50seedlings/ac).There
wasnoneedto replantthestand,however,becauseseedlings
from seedin placeand from adjacentstandsfully occupied
thesite.Afterplanting, theareawasfertilized with250 lb/ac
of 0-46-0triple superphosphate.

The studywasestablishedin thewinter of 1985 to 1986
when the stand, almost all loblolly pine, was 4 yr old.
Diametersatbreastheightrangedfrom lessthan0.5 in. to 2.6
in. and averaged0.6 in. Treeheightsaveraged8.6 ft and
rangedfrom less than5 ft to 15.6ft. Stockingof treestaller
than4.5 ft wasapproximately7,400stems/ac.
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StudyDesign
Prescribedburning,handthinning,andno-thin (control)

treatmentswereappliedtothree0.4ac(131 x 131 ft) plotsin
eachof 5 completeblocks.Eachof the 15 plotswassplit into
2 subplots(0.2 aceach)andI subplotin eachpair received
ureaat200 lb elementalN/ac. An additional25 lb elemental
P/acwasappliedas triple superphosphateto ensureamaxi-
mum growth responseto N. Prescribedburning wasdone
with winterbackingfiresunderconditionsdescribedbelow.
In hand thin plots, pines with the largestdiameterswere
taggedasleave(or crop)trees,with anaveragespacepercrop
treeof 64ft2. All othertreeswereseveredatgroundlevelwith
shoulder-mountedcircular saws.Similar setsof crop trees
were tagged in control and fire-thinned plots for future
growth comparisons.Selectionof the treeswith the largest
dbhascroptreesconsistentlyresultedin anacceptablespatial
distribution of croptreesthroughouttreatmentareas.

BurningConditions
Prescribedburningwasconductedon February3, 1986,4

daysaftera rainof 0.4 in. and7 daysafterarainof 0.9 in. A
backing fire wasset in each replication at approximately
12:30PM Ambient temperaturewas700Fandrelativehumid-
ity was38%.Windswerefrom thesouthwestat 3 to 5 mph.
Fuelsalong the groundwere light andmoist, but the entire
studyareawascoveredby curedbroomsedge(Andropogon
virginicusL.), which carriedthefires.Flameheightswere I
to 3 ft. and heat production was 6 to 26 BTU/sec/ft by
Byram’sflamelengthindex(BrownandDavis 1973).Occa-
sionally,flamesreached4 to 5 ft inheight (116to 188 BTU/
sec/ft)wherevertical fuels(broomsedgeandneedledrape)
wereheavy.Therateof spreadrangedfrom 2.5to3.6ft/mm.
with a meanoverall replicationsof 3.0ft/mm. Burningwas
completedat approximately1:30PM, havingcoveredalmost
100% of thefive burnplots.

Measurements
Prior to burning or handthinning, a 0.04 ac permanent

rectangularsampleplot was establishedin eachsubplot.
Theseplotswerekeptrelatively smallbecausethestandwas
dense.All sampleplots were rectangular.However, plot
dimensionswereadjustedsothat theplotsdid not includethe
few understockedholes in the stand. Theseadjustments
ensuredthat treatmentcomparisonswereuniform. Sample
plots were locatedso therewere adequatebufferareasbe-
tweenfertilized andunfertilizedsubplots.

Stand-levelcharacteristics,suchasmeandbh andheight,
werecalculatedfrom measurementsof all treesover5 ft tall
in the 0.04 acsampleplots.Growthratesof individual trees
could be determinedonly from crop trees,however,since
theseweretheonly treesthat weretagged.Total height and
dbh weremeasuredon all trees(cropandnoncrop)in sample
plots during the fall of 1985, prior to hand thinning and
burning.Burnedplots were remeasuredin May 1986,after
budbreakand3 monthsafterburning,to identify fire-caused
mortality. Treesin all sampleplotsweremeasuredagainin
thedormantseasonsof 1986—1987, 1987—1988,and 1989—
1990 (at theendof 1, 2, and4 growing seasonsafter treat-
ment). Analysis of variance(a=0.05)was used to detect

treatmentdifferencesin numbersof stems,dbh growth of
croptrees,heightgrowthof croptrees,meandbh of all trees
(crop and noncrop),andmeanheightof all trees.

Resultsand Discussion

StandDevelopment
Handthinningreducedthetotalnumberof stems/acfrom

7,600to 675 (91%). Prescribedburning wasless effective,
reducingdensityfrom 6,800stems/acto 2,850(58%).Post-
thinning densitiesremainedrelativelyconstantthroughout
the 4-yr samplingperiod, with little ingrowth or natural
thinning. In control plots, density increasedfrom 8,800
stems/acprior to thefirst growing season(1986) to almost
12,000stems/acby the endof the secondgrowing season
(1987) as trees grew into the 5 ft mm. height class for
measurement.By the end of the fourth growing season
(1989),naturalthinninghadreduceddensityto 9,700stems/
ac. Fertilizationdid not increaseor decreasestemnumbers
during the 4 yr samplingperiod for any of the thinning
treatments.

Most stemsthat were severedin hand-thinnedplots or
killedby burninghadsmall dbh(Figure 1). Burningreduced
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Figure 1. Change in dbh distribution of a natural 4-yr-old loblolly
pine stand after (a)hand thinning and (b) a winter backing fire (all
crop and noncrop trees).
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stemnumbersin the 0.2 in. dbh classby 88%, and hand
thinningreducedstemnumbersin thatdbh classby almost
100%.Burningreduceddensitiesin the0.6 in dbh classby
58%,whilehandthinningremoved90%of stemsin that dbh
class.Forbothtreatments,thepatternof thinningwas silvi-
culturally desirable,resemblinga thinning from below.Di-
ameterdistributions were changedfrom a skewednormal
pattern,with largenumbersof smalltrees,to a bell-shaped
patternin which medium-sizedtreespredominated(Figure
1).

The hand-thinningtreatmentwas intendedto produce
standsaboutas denseas plantedstands(nominal 8 x 8 ft
spacing).Becauseonlythelargesttreeswereretained,mean
standdbh (crop+ noncroptrees)wasincreasedfrom 0.5 in.
to 1.1 in. Meanstandheight wasincreasedfrom 7.2ft to 9.4
ft. Eventhoughprescribedburningsubstantiallyreducedthe
totalnumberof stems,thestandwasstill dense,andimmedi-
ategainsin meanstanddbh andheightwerelessthaninhand-
thinned plots. Meandbh of live treesin burnedplots in-
creasedfrom 06 in. (priorto burning)to 0.9 in. (immediately
afterburning),andmeanheight increasedfrom 7.3 ft to 8.4
ft. A burnof somewhathigherintensitymightkill moresmall
trees, producinga more satisfactory thinning. However,
extremecautionis necessarybecausesmallincreasesin fire
intensitycancauselargeincreasesin mortality.

Periodicgrowthofcroptreesoverthe4 yr of thisstudywas
increasedsignificantlyby both thinning treatmentsandby
nitrogen fertilization (Table 1). Diameter at breastheight
(dbh) growth was 1.6 in. in control plots,2.4 in. in burned
plots, and 3.1 in. in hand-thinnedplots. Fertilization in-
creaseddbh growthsignificantly incontrolandhand-thinned
plotsbutnot in burnedplots.Heightgrowthwasexpectedto
begreaterin burnedplotsthanin unthinnedcontrolsbecause
theburnedplotswerethinnedfrom below.However,height
growthin theburn-onlyplotsdid notdiffer significantly from
that in control plots,andheightgrowth in the bum-fertilize
plots did not differ significantly from the control-fertilize
plots.There were reductionsin height growth due to fire
damageduring the first growing seasonafter treatment
(Waldropand Lloyd 1988) and thesereductionsmay have
continuedfor 2 or moreyears.Fertilizationincreased4 yr
height growth significantly in eachof the thinning treat-
ments.

Thinning and fertilization treatmentsproducedstands
with visuallydistinctivetree-sizecharacteristics.At theend

Table 1. Mean dbh and height growth of crop trees by treatment
for 4 growing seasons after treatments were applied (1986—
19891.

Treatment
Mean dbh

growth (in.)
Mean height
growth (ft)

Control 1.6a1 14.Oab
Control/fertilize 2.lb 16.Scd
Burn 2.4c 73.8a
Burn/fertilize 2.6c 16.2c
Hand thin 3.ld 15.4bc
Hand thin/fertilize 3.6e 17.Bd

1 Means with the same letter within a column are not significantly different at

the 0.05 level.

of thefirst growing seasonaftertreatment,meanstanddbh
(crop + noncroptrees)rangedfrom0.8 in. for controlplotsto
2.3 in. forplotsthatwerehandthinnedandfertilized(Figure
2). At that time,meanstanddbhforeachtreatmentcombina-
tion was significantly different from that for each other
treatmentcombination,except that meandbh for controls
was not significantly different from that for the control-
fertilize treatment.Becauseof differencesin dbhgrowth,the
rangein meandbh expandedoverthe4 yr samplingperiod.
After 4 yr, meandbh was1.4in. forunfertilizedcontrolplots
and4.5 in. for hand-thinnedfertilized plots.In all sample
years,meandbhwassignificantlyhigherinburnedplotsthan
incontrolsbutwaslowerinburnedplotsthaninhand-thinned
plots.

Meanstand height (crop + noncroptrees) wasalso af-
fectedby treatment,butdifferenceswerelessdramatic(Fig-
ure3). At theendof thefirst growing season,treesin burned
andhand-thinnedplotsweresignificantly tallerthanthosein
controlplots,butfertilizerhadproducednoeffect.After two
growing seasons,a fertilizereffectwasobserved,andmean
treeheightforeachtreatmentcombinationwassignificantly
different from meantreeheightsfor all othercombinations.
By the endof four growing seasons,meantreeheight was
significantly greaterin fertilized andunfertilized controls
than in unfertilized burnplots.Damagefrom burning may
havereducedheight growth longenoughto allow treesin
control plots to catchup with thosein burnedplots.Also,
naturalthinningwasobservedin controlandcontrol-fertilize
plotsbetweenyears2 and4,butnotin burnedplots.Mortality
in controlplotswasprobablygreatestamongsmalltrees,and
highmortalityamongsmalltreeswouldhaveincreasedmean
treeheightmorethanwould growthdifferencesalone.Trees
in hand-thinnedplotsweresignificantly tallerthan thosein
unfertilizedcontrols,unfertilizedburnedplots,andfertilized
burnedplots.Meantreeheightwassignificantly greaterin
hand-thinnedfertilized plotsthanin all othertreatmentplots
in all sampledyears.
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Figure 2. Mean dbh of all trees (crop and noncrop) by year and
treatment. Means with the same letter within a year are not
significantly different at the 0.05 level.
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Figure 3. Mean height of all trees (crop and noncrop) by year and
treatment. Means followed by the same letter within a year are
not significantly different at the 0.05 level.

CaseStudy: ProjectedVolumesandEconomicReturns
from a 30-YearRotation

If the differencesin growth ratesobservedin this study
continueover a numberof years, the hand-thinnedand
prescribedburnedplots will becomemore valuable than
unthinnedplotsby theendof arotation.Hand-thinnedplots
shouldproducemorevolumethancontrol andburnedplots,
but thesegainsmaynotbeworththeadditionalexpenseover
prescribedburning.Conversely,prescribedburningcouldbe
thebestinvestmentbutmaynotbeworth therisk of burning
in youngstands.

A casestudywasconductedto comparestandvolumes
andeconomicreturnsthat mightbeexpectedfromeachof the
six treatmentcombinationsfor a 30-yr rotation.Standchar-
acteristicsmeasuredatage8 (1989—1990)wereprojectedto
age30by theGATWIGSmodel(Meldahletal. 1987,Bolton
andMeldahl 1990) for naturalstandson the Lower Coastal
Plain. Internal ratesof returnandnet presentvalues(using
4% and 8% discountrates)for all treatmentcombinations
werecalculatedby GATWIGS.Costestimatesforprescribed
burning,fertilization, andhandthinning were the average
costsof thesepracticesfor theSouthernCoastalPlainin 1986
(Watsonetal. 1987)andareshownin Table2. Pricesforpine
pulpandsawtimberweretheaveragesreportedby Nealand
Norris (1989) for South Carolina in 1986. Returns were
calculatedfromrealprices,assumingnoinflation andnoreal

Table 2. Input values for GATWIGS parameters.

Costs (19B6 dollars/ac)

Prescribed burning 1 .97~
Fertilization 3714~
Hand thinning 54.00’
Annual costs (taxes and management) 2.002

Returns (1986 dollars)

Pine sawtimber )mbf Scribner) 14B.0o~
Pine pulp (cord) 14.90~

‘Watson at al. (19871.

2 Default value for the GATWIGS model (Meldahl et at 1987).
~Neal and Norris (19891.

pricechange(Strakaand Baker1991).The defaultvalueof
GATWIGS for managementcosts($2/ac/yr)wasaccepted
for all treatmentcombinationsandwastheonly costassoci-
atedwith thecontrol treatment.

Economiccomparisonswerea marginalanalysisdesigned
to comparereturnsfrom thinning treatmentsalone,not to
predictactualincomes.Thesevaluesshouldnotbecompared
with those of other forestry operationsor other types of
investments.Internal ratesof returnandnetpresentvalues
werechosenoversoil expectationvaluesfor this casestudy
due to the unique nature of the stand treatment.It was
consideredunlikely to havea perpetualrotationof greatly
overstockedstandsthatwerethinnedor fertilized at age4.

As suggestedby themethodsof StrakaandBaker(1991),
the marginalanalysiswason a before-taxbasis,andcost-
sharingwasnot considered.Also, land costs werenot in-
cluded.

GATWIGS projectedhighmortalityratesoverthe 22-yr
simulationperiod, particularly for thecontrol andcontrol-
fertilize treatments.Stemnumbersfor thesetreatmentswere
reducedfrom9,700/acat age8 to 1,010/acand818/acat age
30, respectively(Table 3). Stemdensitiesin control plots
weregreaterthan thoseusedto developGATWIGS, which
mayaccountfor highprojectedmortality(RalphS. Meldahl,
personalcommunication).On burnedplots,projectedstem
numbersdecreasedfrom 2,800/acto approximately600.
Projectedmortality on hand-thinnedplots was less, with
densitydecreasingfrom 675 stems/acat age8 to approxi-
mately 400/acat age30.Relativetreesizesandstandvol-
umesbetweentreatmentsremainedthesameovertheprojec-
tion period. Control plots had thesmallesttreesandlowest
sawtimbervolume, and the hand thin-fertilizer treatment
yieldedthelargesttreesandgreatestvolumes.Burningyielded
greatervolumesthan the control treatmentsbut somewhat
less volumethan thehand-thinnedtreatmentsat,age30.

All treatmentcombinationswereconsideredtobe worth-
while investmentswith internal ratesof return over 11%
(Table 3). The two least expensivetreatments,unfertilized
controls andburn only, gave the highestinternal ratesof
return,indicatingthegreatestreturnoneachinvesteddollar.
Althoughthe rate (IRR) decreased,total incomefrom each
stand(NPV) tendedto increasewith eachadditionalinvest-
ment. At a discountrate of 4%, investmentin prescribed
burning increasednet presentvalue, butnot as much as did
investmentin handthinning.Fertilizationincreasednetpresent
valuefor the control andhand-thinningtreatmentsbut de-
creasedthevalueof burnedplots.At thehigherdiscountrate
of 8%, handthinning increasedpresentstandvalue.How-
ever,theburn-onlytreatmentwasthebestinvestmentwitha
net presentvalue of $171.97/ac.The low cost and growth
increasesassociatedwithprescribedburning,combinedwith
thehigherdiscountrate,madeadditionalinvestmentinhand
thinningor fertilization unnecessary.

Conclusions

Both hand thinning andprescribedburning effectively
thinneda dense4-yr-old loblolly pine stand.By removing
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Table 3. Stand characteristics and economic returns by treatment predicted by GATWIGSat age 30.

Treatment Stems/ac Mean dbh (in.)
Sawtimber

volume (mbf’)
Pulp volume

(cords) IRR (%)

Net present value (1 9B6 dollars)

4% discount 8% discount

Control 1010 4.7 4.2 16.3 18.3 278.70 94.83
Control/fertilize 818 5.5 4.4 22.5 11.9 290.15 75.91
Burn 600 6.7 7.8 19.7 20.3 487.71 171.97
Burn/tertilize 568 7.1 5.8 29.7 13.0 396.63 114.61
Hand thin 403 8.4 8.7 25.3 13.0 512.91 148.87
Hand thin/fertilize 388 8.8 9.8 27.3 11.6 548.46 138.97

Scribner rule.

smalltrees,bothtreatmentssignificantlyincreasedmeantree
dbh and height.Dbh growth of croptreeswas increasedby
boththinningtreatments,andheightgrowthwasincreasedby
handthinning.Prescribedburningreducedheightgrowthfor
atleast1 year.Nitrogenfertilizationincreaseddbhandheight
growthof crop treesbut did not acceleratenaturalthinning
during the4 yr of this study.Increasednaturalthinningmay
be observedin futuregrowing seasonsif fertilizationgave
crop trees a competitive advantageover smaller trees in
control andburnedplots.

Thecasestudyshowedthathandthinningandprescribed
burning could be good investments.Thesethinning treat-
mentsincreasedthenet presentvalueof the stand at both
discountratestested.Prescribedburningprovidedthegreat-
est return on eachdollar invested,with an internal rateof
returnof over20% and thehighestnet presentvalueof all
treatmentcombinationswhenthediscountratewas8%.With
a discountrate of 4%, both the hand thinning andhand
thinning-fertilizer treatmentsprovided higher net present
valuesthandidprescribedburning.Nitrogenfertilizationdid
not consistentlyincreasenetpresentvalue.

Prescribedburningmay becomeattractiveto someland-
ownersas an alternativeto handthinning due to its lower
initial investmentandhigherinternalrateof return.However,
guidelinesfor prescribedburning in young standsdo not
exist,andtheeconomicgainsmaynotbeworth therisk. Fire
behavioris variableandcanproducewidely differingresults,
particularlyinyoungstands.In thisstudy,a fireof somewhat
greaterintensitywould haveaccomplisheda morecomplete
thinning,whichmighthaveincreasedvolumeproductionand
income.Incomeswouldhavebeensmaller,however,for fires
of lowerintensitywhich leavea moredensestandor firesof
highintensitywhich damageorkill croptrees.Assessments

of risk and variability amongfireswerebeyondthescopeof
thiscasestudy,andamorecompleteeconomicanalysismay
show prescribedburning to be less attractive than hand
thinning.Eventhoughhandthinning requiresa largeinitial
investment,economicreturnsprojectedin this studywere
comparabletoreturnsfromprescribedburningwith little risk
of standdamage.If prescribedburningis tobesuccessfulfor
thinning overa wide rangeof standconditions,additional
researchis neededto developguidelinesandbumingpre-
scriptions.
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